Abstract: Globally many braided river systems have become highly modifi ed, however in their natural state they include a wide range of habitats that support high benthic invertebrate diversity. Here we investigate the determinants of this diversity by assessing the infl uence of environmental variables on invertebrate communities across eleven braided rivers in New Zealand. Within each river, six reaches were sampled and within each reach up to fi ve fl oodplain habitat types (main channels, side braids, spring sources, spring creeks and ponds). Environmental variables either measured in the fi eld or derived from GIS and hydrological data bases were compared to invertebrate distributions. Communities in all habitat types were infl uenced by catchment scale hydrology, which partially regulated factors at lesser scales. However, the spatial scale of environmental factors with the greatest infl uence varied between habitat types. Main channel communities were infl uenced equally by catchment and habitat scale conditions, whereas spring communities were primarily regulated at the habitat level. There was considerable cross-scale correlation in the effect of environmental factors suggestive of complex hierarchical controls. Invertebrate diversity was regulated by the environment across a range of scales. Programs concerned with the conservation of braided river systems should incorporate this hierarchical environmental determinism within catchments and acknowledge the value of lateral fl oodplain habitats.
Introduction
Understanding the relative importance of environmental factors operating at differing spatial scales on the diversity and distribution of communities is one of the central themes of ecology (Allen & Starr 1982 , Begon et al. 1996 , Weins 1989 . This knowledge is particularly pertinent in fl oodplain systems which are among some of the most imperiled on the globe . Regional species pools and factors that infl uence dispersal provide a template for local diversity and community structure by determining the species available to colonise a particular location (Cornell & Lawton 1992 , Ricklefs & Schluter 1993 . Environmental conditions and species interactions then determine the local species assemblage. However, the interaction between taxa and environmental conditions may occur across a range of scales or organisational levels, and correlations may exist between variables at different scales. Hence, taxa-environment relationships should be viewed as being hierarchical in structure (Frissell 1986 , Poff 1997 . Assemblages within a habitat are the product of the species pool at a greater spatial scale and environmental conditions acting at eschweizerbart_xxx lesser scales. However, hierarchical structure and scale dependence frequently confound our analysis of ecological data, as conclusions made about observations at one spatial scale may in fact represent the effect of factors operating at a different scale (Cushman & McGarigal 2002) . This is particularly problematic when there are strong correlations between environmental variables at different spatial scales. The relationships identifi ed at different spatial scales are not independent and therefore the relative strengths of relationships are diffi cult to assess. Nevertheless, multi-scale hierarchical approaches are critical to investigations of pattern and process in ecological systems (Lawler & Edwards 2006) .
Spatial structuring in community data sets can be interpreted in one of two ways. Spatial structuring that is independent of the environment can be used to infer dispersal effects at smaller spatio-temporal scales, and regional or biogeographic patterning at larger scales (Cottenie 2005 , Peres-Neto & Legendre 2010 . However, if the focus of investigation is environmental regulation of communities, spatial autocorrelation constitutes background noise to be controlled (Borcard et al. 1992 , Lichstein et al. 2002 , Peres-Neto & Legendre 2010 . The strength of spatial structuring relative to the environment appears to increase within increasing spatial extent (Cottenie 2005 , Mykra et al. 2007 . A greater extent is more likely to incorporate different biogeographic zones and here taxa gradients overwhelm regulation by environmental gradients. Consequently, in order to make a comparable assessment of the infl uence of environmental factors in the regulation of biotic communities it is important to control for the effect of spatial location.
Although theoretical models indicate that stream invertebrate communities should be structured by environmental factors operating across a range of scales, as well as biogeographic/dispersal factors (relative position in the landscape), few studies have comprehensively assessed this regulation (Galbraith et al. 2008) . Several stream studies have assessed how local and regional scale variables simultaneously infl uence communities (Richards et al. 1996 , Heino et al. 2003 , Weigel et al. 2003 ), but only a limited number have explicitly incorporated a spatial component (Li et al. 2001 , Sponseller et al. 2001 . However, recently some studies have applied the technique of variation partitioning to this situation (Pinel-Alloul et al. 1995 , Sandin & Johnson 2000 , Mykra et al. 2007 , Galbraith et al. 2008 ) whereby the variation in community structure is separated into the shared and independent effects of variable matrices representing spatial location and the environment. Overall, these studies suggested a number of common patterns in stream invertebrate communities. Studies which incorporated a spatial component, and those which did not, both found a strong regulation of biotic communities by local environmental factors, but also acknowledged the role of factors operating at larger scales. Weigel et al. (2003) found that the spatial scale deemed most infl uential appeared to depend upon the range of conditions, predictor variables and response variables used. Furthermore, the importance of an environmental variable at any scale is context dependent and few factors at any scale are likely to be universally infl uential (Mykra et al. 2007 ).
Many studies of braided rivers have focused on the main channel and have characterised these systems as environments whose communities are regulated primarily by physical disturbance processes (Scrimgeour & Winterbourn 1989 , Tockner et al. 2006 ). An expanded view of fl oodplain systems incorporates lateral habitats such as ponds and springs , Gray & Harding 2009 ), which despite being part of a single body of water moving down the river valley, have very different physical characteristics. Consequently, we might expect different habitats within a braided river complex to be regulated by different environmental factors operating at different spatial scales. Braided rivers are hierarchically structured systems containing heterogeneous spatially nested sub-units replicated across a landscape . Furthermore, braided river fl oodplains conform to the shifting mosaic steady state model in which habitat turnover is high, but proportions of habitats are constant (Bormann & Likens 1979 , Latterell et al. 2006 , Whited et al. 2007 ). Thus, rivers in general, and fl oodplain systems in particular, provide an appropriate arena to further our understanding of the relationships between biological communities, the environment and spatial scale within large natural systems.
The objectives of this study were fi rst to identify environmental and spatial variables that had a signifi cant infl uence upon invertebrate communities in braided river fl oodplains at the catchment, reach and habitat scales (Fig. 1, Panel 1) . Secondly, we wished to quantify the degree of correlation between environmental variables at different scales in order to infer the amount of hierarchical control and isolate the effects of environment variables at any single scale (Panel 2). Thirdly, in order to test the relative effects of individual environmental variables at each scale we removed the effects of spatial autocorrelation and environmeneschweizerbart_xxx tal variation acting at greater scales (Panel 3). Finally, these results are discussed within the context of our current understanding of hierarchical environmental determinism within fl oodplain riverine systems.
Methods
We performed a nested, hierarchical survey of benthic invertebrates in eleven rivers, 3 in the North Island and 8 in the South Island (Fig. 2 A) . Rivers were selected based on the distribution and abundance of braided rivers within New Zealand reported by Wilson (2001) . Six reaches ~1 km long, were selected at intervals along each river (Fig. 2 B) , and within each reach up to fi ve habitat types. The habitat types and numbers which were sampled were main channels 66, side braids 32, ponds 34, spring sources 38, and spring creeks 31 (Fig. 2 B) . A single transect at the approximate mid-point was established across each reach. All habitats visible from the transect line were assessed and the most successionally mature of each was sampled. This method was preferred to a probabilistic sampling regime for logistical and effi ciency reasons. The uppermost reaches were in the steeper headwaters, above the point where a distinct fl oodplain fi rst appears on a 1: 50,000 topographical map. Where present a gorge reach was also selected and rivers were between 3rd-5th order (Strahler 1957) . The lowest reach was close to the river mouth, up-stream of estuarine and brackish Fig. 1 . Analytical map illustrating the statistical treatment of variation in invertebrate assemblages. C -catchment scale environmental factors, R -reach scale environment, H -habitat scale environment, S -spatial arrangement of sites. Panels correspond to each of three objectives outlined in the introduction and methods. Portions missing from components of variation in Panel 3 represent the removal of variation co-linear with that found at a greater scale. Thus, catchment scale variation is removed from the analysis of the reach scale environment, and both catchment and reach scale environment is removed from the analysis of habitat scale environment. The taxa environment concordance described at each scale is therefore independent of any variation found at greater scales. water zones and tidal infl uence. Intermediate reaches were distributed evenly between the uppermost and lowermost reaches. Anthropogenic impacts such as channelisation, abstraction and impoundment (Lower Waitaki River only) generally increased downstream, although variation was considerable among rivers. Although such impacts are well known to alter the morphology and biotic communities of fl oodplain systems, the effects per se are not beyond the natural range of conditions within fl oodplains. Therefore, sites in anthropogenically altered lower reaches were retained in the analyses.
Three biological samples were collected from each habitat within each reach with a Surber sampler (0.11 m 2 , mesh size = 250 µm) at basefl ow between December 2006 and April 2007. Quantitative pond samples were taken with the Surber sampler enclosed by mesh within which invertebrates were washed and agitated into the sampler net by hand. Identifi cations were made to the lowest taxonomic level possible (mostly genus), except for Oligochaeta and Chironomidae, which were identifi ed to sub-family.
Catchment, reach and habitat variables
Environmental data were collected at three spatial scales; catchment, reach and habitat and included factors known to infl uence aquatic invertebrate communities. Catchment and reach scale variables were derived from a combination of data from the River Environment Classifi cation (REC) and the Freshwater Environments of New Zealand (FWENZ) data base (Wild et al. 2005) . The REC is a stream network database that characterises waterways using hierarchical categorical descriptors. The FWENZ is an environmental classifi cation of the national river network, based on the REC, but using continuous variables. The stream networks are divided into short segments of uniform character (e.g. between confl uences) for each of which unique descriptive and quantitative variables have been calculated. We collected further data in the fi eld to quantify the number, type and successional stages of aquatic fl oodplain habitats, the type and quantity of coarse woody debris, and the successional stages of terrestrial fl oodplain elements (recorded every 20 meters the full width of the fl oodplain). Successional stage was assessed using a fi ve part qualitative scale based on the vegetation cover of the terrestrial fl oodplain surrounding the habitat (Burrows 1977 , Reinfelds & Nanson 1993 . Further hydrological variables were calculated from long-term discharge records maintained by regional councils and the National Institute of Water and Atmospheric Research (NIWA). Stage height loggers were located in the lower reaches of all rivers, and discharge statistics, (e.g. time since a 3 times median fl ow event) were extrapolated to upstream reaches. Habitat scale data were collected simultaneously during invertebrate sampling using standard freshwater ecology techniques (Hauer & Lamberti 1996) . Information collected were basic water chemistry parameters, substrate heterogeneity and variables representing stream resource supply, size and disturbance which are known to be important determinants of stream invertebrate community structure (McHugh et al. 2010 ). This procedure resulted in a total of 68 variables: 21 variables at the catchment scale, 25 at the reach scale and 22 at the habitat scale (Table 1 ). The location of habitats was represented by x and y coordinates derived from the New Zealand map grid (Land Information New Zealand 1995) .
Statistical analysis
We used multivariate ordination techniques to assess relationships between the spatial arrangement of sites, environmental conditions and invertebrate community composition. The spatial confi guration of sites was represented by map grid coordinates (1 m resolution), x, y and all 3 rd order polynomials (Borcard et al. 1992) . All continuous environmental variables were ln(x +1) transformed and proportional data were arcsine squareroot transformed prior to analysis to better meet assumptions of normality and heteroscedasticity. Abundance data from three Surber samples were averaged and Hell inger-transformed to reduce the infl uence of occasional high densities in some samples, and to control for the effect of rare taxa (Rao 1995 , Legendre & Gallagher 2001 . The Hellinger distance measure also effectively deals with the "species abundance paradox" associated with Euclidean distance, where the distance between two sites sharing no species can be smaller than that between two sites that share species (Laliberté et al. 2009 ). Initial Detrended Correspondence Analyses (DCA) indicated that a linear ordination method was appropriate, i.e. gradient length < 3 (Ter Braak & Smilauer 1998), therefore we opted to use Redundancy Analysis (RDA). During all subsequent analyses we accepted variables and models at p < 0.10 to reduce the likelihood of rejecting biologically relevant variables (Legendre & Legendre 1998) . The possibility of type 1 errors due to the large number of explanatory variables was controlled using a forward selection procedure (see below).
All analyses used adjusted r 2 values (Peres-Neto et al. 2006) which provide an unbiased estimate of variance and control for the number of explanatory variables in a model and the number of sites used. Thus, it was possible to make a rigorous comparison between different models and components of variation within a partition. The fi rst objective of this study was to identify suites of spatial and environmental variables for each habitat type that signifi cantly infl uenced invertebrate community composition at each spatial scale (Fig. 1, Panel 1) . Signifi cant explanatory variables were selected using stepwise forward selection (Miller & Farr 1971) . Classical forward selection has a tendency to infl ate type 1 errors rates and over estimate the variance explained; these problems were overcome using the procedure of Blanchett et al. (2008) as follows. An initial global model, incorporating all predictor variables, was produced. If it was signifi cant after 999 permutation steps, the adjusted r 2 of the global model was used as a stopping criterion for a subsequent forward selection, along with an alpha level of p < 0.1. If the addition of any variable into the model exceeded either threshold value, the selection procedure was stopped. If the global model was not signifi cant, forward selection was not performed. It should be noted that the use of adjusted r 2 values for both forward selection and partitions result in a signifi cant reduction in the explained variation of models relative to a classical r 2 . Therefore, comparison between these results and those of previous studies using non-adjusted r 2 are not appropriate. Where adjusted explained variance is presented non-adjusted values have also been included for reference. Analyses were done using the r package "Packfor 0.0-7" for forward selection and "Vegan 1.15-4" to calculate adjusted r 2 and perform RDA (R Core development team 2009).
For each habitat type we compared the degree of cross-scale correlation between signifi cant environmental variables derived from forward selection at each spatial scale (Fig. 1, Panel 2) . In the context of a Venn diagram independent variation is rep- (Pfankuch 1975) • eschweizerbart_xxx resented by non-overlapping segments of the diagram, whilst variation shared between spatial scales is represented by the overlapping portions. Variation shared between two (or three) spatial scales shows the degree of cross-scale correlation. For this we used a hierarchical partitioning of variance to separate the effects of environmental factors acting at different spatial scales (Borcard et al. 1992 , Cushman & McGarigal 2002 , Peres-Neto et al. 2006 ). The source of spatial autocorrelation, biogeography or co-linearity between invertebrate communities, the environment and space, was assessed by including space in variance partitions and using partial-RDA to test the significance of its effect. However, ultimately spatial variables were left in the model as the spatial structuring of the environment is an important part of the relationship between environmental variables measured at different spatial scales and invertebrate communities. Analysis was done using the r package "varpart" in "Vegan 1.15-4" (R Core development team 2009). Area proportional Venn diagrams of variance decomposition were produced using Google charts (2009). We then wished to identify the independent effect on invertebrate community composition of environmental variables at each scale in each habitat (Fig. 1, Panel 3) . It was fi rst necessary to control for spatial autocorrelation [S] (Borcard et al. 1992 , Lichstein et al. 2002 . Sites that are closer together often show positive autocorrelation, whereby communities are more similar in composition than sites further apart by virtue of that proximity, and the effect of the environment is obscured. At the catchment scale [C] we used partial-RDA to remove the effect of space before computing the infl uence of individual variables from the reduced models produced by forward selection. Second, due to correlation of environmental factors at different scales, it was also important to remove the effect of the environment at greater spatial scales before computing the infl uence of variables at lesser scales. Therefore, at the reach scale [R] the effects of space and catchment environment were removed, and at the habitat scale [H] the effects of space, catchment and reach were removed. Analyses were performed using partial-RDA in "Vegan 1.15-4" (R Core development team 2009).
Results
We identifi ed 145 taxa from a total of 203 sites. Most individuals (63 %) belonged to 5 taxa, of which the leptophlebiid mayfl y Deleatidium sp. and Orthocladiinae (Chironomidae) comprised 40 % of all individuals. Chironominae, the gastropod Potamopyrgus antipodarum, and Elmidae (Coleoptera) complete the list of 5 most common taxa. Of the 145 taxa, 37 were unique to the South Island and 9 were only found in the North Island. Twenty-six taxa were represented by less than six individuals. Invertebrate richness was greatest in the Wairau and Ngaruroro rivers, and least in the Waiapu and Landsborough rivers. Further detail on the diversity and distribution of taxa can be found in Gray & Harding (2009) .
Environmental variables at differing spatial scales
Invertebrate communities varied in their response to specifi c environmental factors, the scale of regulation and the degree of spatial structuring (Objective 1) (Table 2). The global models of space, habitat, reach and catchment scale environment versus invertebrate community for ponds were not signifi cant, and side braid communities were only infl uenced by space. These habitats are not considered further. Spatial structuring was apparent in main channel and spring source habitats. Although spring creeks and sources were signifi cantly (p < 0.1) infl uenced by the environment at all three scales, main channels showed no response to reach-scale variables.
Forward selection was applied to each signifi cant global model to produce a reduced model of important environmental variables at each scale and to account for spatial effects. For the main channel, spring creeks and spring sources, variation explained by environmental variables was then partitioned into the shared and independent effects of each spatial scale using a hierarchical decomposition of variance (Objective 2) (Fig. 3 ). An initial model including signifi cant spatial variables was run to asses the infl uence of spatial location on this analysis. Main channels were signifi cantly infl uenced by space (p = 0.005), although the effect was weak (adj. r 2 = 0.038). When the infl uence of either habitat or catchment scale environmental variables was removed space was no longer signifi cant, indicating that the initial result was due to co-linearity between environment variables, space and invertebrate communities, not biogeographic patterning. Space had no infl uence on spring creek global models so was not considered further and the effect of space on spring source habitats was found to be not signifi cant after variance partitions, and consequently not considered further.
Main channels, spring creeks and spring sources showed approximately 30 % overall taxa-environment concordance. Main channel communities responded to a similar degree to both catchment and habitat scale conditions, although catchment scale factors appeared to be more infl uential overall (Fig. 3) . Both spring creek and spring source invertebrate communities were primarily infl uenced by the habitat scale environment, particularly the spring sources, which showed a strong independent effect of habitat (Fig. 3) . Spring creek communities were infl uenced by reach scale factors, although these were highly co-linear with the habitat scale (Fig. 3) . In contrast, spring source communities were less affected by reach scale factors and reach environment had negligible independent effects. Catchment effects were of similar magnitude for both spring habitats, but they were entirely independent of reach effects in spring creeks, whereas there was considerable overlap between scales for spring sources.
Environmental drivers of community composition
The invertebrate communities of main channel habitats showed signifi cant spatial structuring (RDA p = 0.005, adj. r 2 = 0.0380). However, this spatial structuring was found to be entirely co-linear with the environmental Fig. 3 . Hierarchical decomposition of variance in invertebrate communities related to the environment measured at three spatial scales in three habitat types on braided river fl oodplains. The percentage of total variance explained by the different individual components is shown. The area of each circle and overlap is proportional to its explanatory power. The unexplained percentage of variation (U) according to adjusted r 2 and un-adjusted classical r 2 , in parentheses, is shown below each plot. Spatial variation is included in these models.
variables and not biogeographic (partial-RDA; covariable catchment, space p = 0.31, partial-RDA; covariable habitat, space p = 0.2). Once spatial autocorrelation had been removed, invertebrate communities were found to be regulated strongly by hydrological conditions; both in terms of recent and long term fl ow regimes (objective 3) (Fig. 4 C|S) . Sites with stable fl ows, such as in the Tukituki River, were located to the right of RDA Axis 1, whereas locations that experienced more frequent fl ood events were positioned to the left of Axis 1. Proportion of the up-stream catchment in native forest and the proportion of peat were also infl uential and negatively correlated with basefl ow of the site. At the reach scale no variables were found to signifi cantly explain patterns in invertebrate communities of main channels. At the habitat scale in the absence of both spatial autocorrelation and infl uence of catchment scale factors (i.e. the independent effect of habitat scale), communities were regulated by quantities of CPOM and substrate size which were inversely related to channel width (Fig. 4 H|C, S) . The effect of stream bed disturbance and conductivity were also important.
Invertebrate communities in spring creeks showed no spatial autocorrelation. The only important catchment scale variable was the time since the last 3 X median fl ow fl ood (FRE3) in the main river (Fig. 5 C|) . After the removal of the effect of FRE3, communities were infl uenced primarily by the reach scale factors January air temperature and proportional distance to the spring source, segment slope, segment substrate and the density of logs on the fl oodplain (Fig. 5 R|C) . In the absence of catchment and reach scale factors spring creek communities were primarily infl uenced by successional processes: spring age, total cover of aquatic plants and the organic content of stone surface layers. Velocity, depth, temperature and pH were also important (Fig. 5 H|C, R) .
Spring source invertebrate communities had shown signifi cant spatial structuring during global modeling, but not with reduced models (RDA p = 0.34, adj. r 2 = 0.002). The spatial structuring that did exist was colinear with environmental variables (partial-RDA; covariable catchment, space p = 0.6, co-variable reach, space p = 0.23 and co-variable habitat, space p = 0.052). Nonetheless, after removal of spatial patterns, communities were regulated primarily by the catchment scale hydrology of the main river (Fig. 6 C|S) . Infl uential environmental factors were number of days with > 25 mm of rain per year (USrain), the number of > FRE3 fl ood events in the last 132 days (FloodDur), mean fl ow (Mfl ow) and the average phosphorous content of underlying bedrock in the catchment. At the reach scale, communities were regulated by the average age of the fl oodplain (MFage) and slope, although these effects were entirely co-linear with variables measured at the habitat scale (Fig. 6 R|C, S & Fig. 3) . Infl uential habitat variables were age and total cover of aquatic plants (Tcov), substrate, velocity, stream width and temperature (Fig. 6 H|R, C, S) . Table 1 . Rivers codes are la = Landsborough; wp = Waiapu; rk = Rakaia; ra = Rangitata; wk = Waimakariri; tt = Tukituki; wt = Waitaki; or = Oreti; ta = Taramakau; wr = Wairau; ng = Ngaruroro. Table 1 . Rivers codes are la = Landsborough; wp = Waiapu; rk = Rakaia; ra = Rangitata; wk = Waimakariri; tt = Tukituki; wt = Waitaki; or = Oreti; ta = Taramakau; wr = Wairau; ng = Ngaruroro. Table 1 . Rivers codes are la = Landsborough; wp = Waiapu; rk = Rakaia; ra = Rangitata; wk = Waimakariri; tt = Tukituki; wt = Waitaki; or = Oreti; ta = Taramakau; wr = Wairau; ng = Ngaruroro.
Discussion

An environmental template for catchments, reaches and fl oodplain habitats
At the catchment scale the major drivers of benthic invertebrate communities were descriptors of hydrology, which showed considerable co-linearity with environmental determinants at lesser spatial scales. This underlines the strong relationship between hydrology, reach and habitat heterogeneity within braided rivers. Extreme rainfall and fl ooding alter the fl oodplain habitat mosaic. Flooding resets the successional development within a habitat and across an entire reach invertebrate community composition and richness are regulated by the degree of fl ood disturbance through its effects on the habitat mosaic , van der Nat et al. 2003 . Multiple studies have shown the applicability of the shifting mosaic steady state model to braided rivers w here habitat turnover is high, but proportions of successional habitats are constant (Bormann & Likens 1979 , Latterell et al. 2006 , Whited 2007 . However, glacier-fed and rainfall-fed braided rivers are subjected to very different sediment loads and fl ow regimes, and therefore might be expected to vary in absolute proportions of habitats and therefore invertebrate diversity and composition. Consequently, we might predict that the invertebrate assemblages of different reaches within any one river would be more similar than between the same reach in different rivers; the reaches of each river would cluster together on an ordination plot. However, closer scrutiny of partial-RDAs (Figs 4, 5 & 6) invites a more subtle conclusion. Communities within different reaches of several rivers, most notably the Ngaruroro, Wairau and Taramakau, exhibited considerable variation (sites are separated on the ordination plot). Therefore, the effects of catchment scale hydrology may be altered by reach scale factors (such as fl oodplain constriction, vegetation or land use), or habitat scale factors (such as substrate and successional stage) thereby partially decoupling local communities from larger scale factors (Stanford & Ward 1993 , Gurnell et al. 2002 . This scenario suggests there are complex hierarchical controls acting upon the benthic invertebrate communities of braided river fl oodplains (Allen & Starr 1982 , Thorp et al. 2006 .
Extreme fl ood disturbances are a defi ning physical characteristic of braided rivers , Gray & Harding 2007 . However, different habitat types within the fl oodplain varied in their response to hydrological disturbance. Main channel invertebrate communities in this study appeared to be strongly infl uenced by long term and antecedent hydrology triggering a shift in community assemblage with increasing fl ood disturbance. This result has been observed previously in braided rivers such as the Rakaia and Tukituki in New Zealand and Tagliamento in Italy (Sagar 1986 , Fowler & Death 2000 . In the main channel of the Tagliamento River, faunal density and richness were greatest during summer low fl ows and lowest following autumnal fl oods . New Zealand's maritime climate results in seasonally unpredictable fl ooding relative to more continental climates in Europe (Winterbourn 1997). Nevertheless, geographic and seasonal variation in the timing of fl oods, and corresponding variation in the composition of invertebrate communities, does occur and was apparent in the fi ndings of this study. In the alpine-sourced rivers of the South Island, the majority of fl ooding occurs in the austral spring as a result of snow melt. But in the foothill-sourced rivers of the North Island and the southernmost river(s) in the South Island (e.g. Oreti River), fl oods occur mainly in winter and are associated with rainfall from southerly storms generated in the sub-Antarctic (Duncan & Woods 2004) . The patterns of antecedent fl ooding (i.e. time since × magnitude fl ood event) in this study, were strongly infl uenced by this geographic and seasonal variation in the fl ow regime of particular rivers; alpine versus foot-hill catchments. For example, invertebrate communities in main channels were highly correlated with time since the last fl ood (FRE6 and 9) which in summer, was greater in foothill-sourced rivers than alpine-sourced rivers. Braided river main channel and side braid invertebrate communities include species that persist despite regular fl ood disturbance and a combination of behavioural and life history traits, such as drifting, multi-voltinism and seasonal asynchronicity, confer resilience to these communities despite the unpredictable timing of fl oods (Scrimgeour & Winterbourn 1989 , Matthaei & Townsend 2000 . However, a discharge that substantially moves substrate will reduce both richness and abundance of taxa (Scrimgeour et al. 1988 , Matthaei & Townsend 2000 and complete recovery from a catastrophic fl ood (e.g. 33 times mean discharge) in the Ashley River took 130 days (Scrimgeour et al. 1988) .
In contrast to main channels, benthic communities of lateral fl oodplain habitats, spring creeks and spring sources were more infl uenced by habitat scale factors associated with variations in successional stage such as aquatic plant beds or organic matter availability; the absence of fl ood disturbance. High successional diversity of fl oodplain and aquatic habitats has been observed along the Tagliamento River, , van der Nat et al. 2003 ) and the upper Waimakariri River, New Zealand (Reinfelds & Nanson 1993) as a consequence of fl ood events across the fl oodplain. Furthermore, braided rivers, and particularly their lateral habitats, are highly groundwater-dependent ecosystems (Boulton & Hancock 2006) with habitats differentiated by their degree of vertical hydrological connectivity to the main channel and underlying aquifer , Brunke 2002 . Whilst horizontal connectivity in the form of over-bank fl ooding is primarily a successional re-setting process, the subsequent successional trajectory of a community will be dictated by vertical hydrological exchange and local physical and biological context, such as substrate, altitude and source of colonists. The hyporheic water, which supplies the lateral habitats of any given reach of a braided river is derived predominantly from the river itself in the form of multi-scaled groundwater -surface water exchange (Brunke & Gonser 1997 , Woessner 2000 , Pepin & Hauer 2002 , Brunke et al. 2003 . Therefore, despite the apparent physical isolation of lateral habitats they remain a part of the integrated whole; fl ow, via the aquifer, is derived from and maintained by fl ood events in the main channel, and the time elapsed between over-bank fl oods from the main channel regulates biotic communities. The results of the present study indicate that although hydrological disturbance is an important determinant of invertebrate communities, its infl uence is manifested in complex ways between habitats and at different scales.
In conclusion we found that braided river invertebrate communities were regulated by environmental factors at a range of spatial scales as found by previous investigations of multi-scale environmental determinism (Sandin & Johnson 2000 , Heino et al. 2003 , Mykra et al. 2007 , Galbraith et al. 2008 . However, regulation of invertebrate communities in the different habitats varied between scales and specifi c variables. Furthermore, we identifi ed considerable cross-scale correlation between environmental variables suggestive of hierarchical regulation. Main channel invertebrates were primarily infl uenced by catchment scale hydrology, whereas lateral fl oodplain habitat communities responded to successional processes. Our results have important implications for the management of extant braided river systems. Whilst braided rivers have traditionally been regarded as disturbancedominated, species-depauperate habitats, it is now apparent overall that they not only incorporate high invertebrate diversity (Gray & Harding 2009 ), but that complex hierarchical controls regulate this diversity. Programs concerned with the conservation of braided river systems should incorporate this hierarchical environmental determinism. A natural fl ow regime is of paramount importance, but at lesser scales there are independent features of reaches and habitats that are important. In real terms this means consideration of activities such as channelisation and gravel extraction, the arrival of invasive species or localised abstraction for power generation. Finally, an acknowledgment of the value of lateral fl oodplain habitats, as a part of the collective whole, is pivotal to conservation of extant fl oodplain systems.
